C3H/HeNCrl Maternal behavior Depression-like behavior Intergenerational transmission Maternal immune activation miRNA a b s t r a c t Maternal immune activation (MIA) is a well-established model for the investigation of the deleterious effects of gestational infection on offspring mental health later in life. Hence, MIA represents a critical environmental variable determining brain development and the depending neural and behavioral functions in the progeny. Transgenerational transmission of some of the effects of MIA has been recently reported using the Polyinosinic:polycytidylic acid (Poly (I:C)) MIA model in C57BL/6 (C57) inbred mice. However, little is known about the underlying molecular mechanisms and the possible relevance of the specific genetic make-up of the inbred mouse strain used. Here we set out to characterize the effects of gestational Poly (I:C) treatment in C3H/HeNCrl mice (C3H), focusing on maternal care and offspring depression-like behavior and its intergenerational potential. miRNA expression in the offspring hippocampus in the F1 and F2 generations was examined as possible mechanism contributing to the observed behavioral effects.
Introduction
Psychopathologies are one of the most prevalent illnesses worldwide (Whiteford, 2013) . Besides the impact on the affected individuals' quality of life and the high mortality (90% of the 800 000 suicide cases every year worldwide are associated with psychiatric disorders (WHO, 2017) the burden on patients' families and the socioeconomic relevance of these severe conditions are significant. Yet, etiologies and pathomechanisms underlying psychiatric disorders remain incompletely understood. This is largely due to our still incomplete knowledge about the individual components forming part of the intricate web of gene x environment interactions underlying these multifaceted pathologies (Flint and Kendler, 2014) .
Increased risk factors for developing psychiatric disorders are early adverse life events, including childhood trauma and exposure to infections during pregnancy (Cowan, 2016; Groger, 2016; McEwen, 2003; Meyer, 2008) . Mounting evidence suggests an association between maternal immune activation (MIA), as a result of gestational infection, and the development of affective and personality disorders, as well as autism spectrum disorders later in life of the offspring (Knuesel, 2014; Reisinger, 2015; Ronovsky, 2016) . Using a MIA mouse model we and others have shown a possible relevance of altered maternal care behavior (MB) for derangements in offspring emotional behavior (Meek, 2001; Meaney, 2001; Champagne, 2008; Ronovsky, 2017) . Specifically, the known importance of MB for the regulation of epigenetic processes (Champagne, 2013; Herman and Cullinan, 1997; Weaver, 2004) suggests an involvement of the recently delineated transgenera-tional effects of MIA in the Polyinosinic:polycytidylic acid (Poly (I: C)) mouse model (Ronovsky, 2017; . Indeed, gestational psychosocial and infectious stress with impact on MB and offspring behavior has been shown to affect essential epigenetic mechanisms, including posttranslational modifications of histones (Reisinger, 2016) , DNA methylation (Weaver, 2004) and microRNA (miRNA) expression (Zucchi, 2013) in the offspring brain. However, our own and a previous study describing altered MB in the Poly (I:C) MIA model (Ronovsky, 2016; Schwendener et al., 2009) , as well as the reports on the transmission of pathological traits in offspring after MIA (Ronovsky, 2017; WeberStadlbauer, 2017 ) have been carried out in the C57BL/6 (C57) mouse strain. Hence, little is known on the relevance of the genetic background in this context, although high degrees of variability in MB between different inbred strains of laboratory mice have been reported (Koehl, 2012; van der Veen, 2008) . This led us to explore the consequences of MIA in C3H/He (C3H) mice, an inbred mouse strain with demonstrated high levels of MB (Koehl, 2012; Carlier et al., 1982) , focusing on offspring emotional behavior, its intergenerational transmission and the role of miRNA expression in the offspring brain as potential molecular correlate.
Material and methods

Animals
C3H/HeNCrl (C3H) mice were used for all experiments. Initial breeding animals were purchased from Charles River (Sulzfeld, Germany) at 8 weeks of age. All animals were housed under standard conditions in a temperature controlled room (22 ± 1°C) with a 12 h light/dark cycle and food and water ad libitum unless otherwise stated. The light intensity was 10 lÂ inside the cages. All animal experiments were carried out in accordance with the ARRIVE guidelines and the U.K. Animals (Scientific Procedures Act, 1986 and associated guidelines, EU Directive 2010/63/EU for animal experiments). Animal experiments described in this study were approved by the national ethical committee on animal care and use (BMWF-66.009/0015-II/3b/2012; Bundesministerium für Wissenschaft und Forschung).
Breeding and maternal immune activation (MIA)
A timed mating procedure for breeding of the F1 and F2 generations was applied as previously described (Khan, 2014) . Briefly, after overnight mating for 14 h, the presence of vaginal plug and body weight of females were recorded the following morning and this day was considered as E0.5. Body weight was further determined every 6 days and females with over 16% weight gain on E12.5 (Hau and Skovgaard, 1987) were assumed to be pregnant and treated with Poly(I:C) (Sigma Aldrich, Vienna, Austria) or 0.9% NaCl (control group). Poly (I:C) phosphate salt was dissolved in 0.9% physiological NaCl and 20 mg/kg of Poly(I:C) or 0.9% NaCl were applied intraperitoneal at 10 ml/ kg injection volume. The dosage regime and time point were chosen based upon previous studies demonstrating enhanced depression-like behavior in adult offspring after MIA on E12.5 (Ronovsky, 2017; Reisinger, 2016; Khan, 2014) .
Upon delivery (PD 0) the collective weight of each litter and the number of pups were recorded.
MB was recorded and evaluated from postnatal day (PD) 1-6 according to a standardized protocol (Champagne and Variations, 2011) . All pups were weaned on PD 21, separated by sex and single-housed for behavioral experiments at the age of 8 weeks. Adult F1 offspring were separated in several cohorts and used for breeding of F2 offspring, hippocampal gene expression and behavior experiments. 2-3 mice per litter have been used for behavioral and 2 animals per litter for gene expression studies.
A mating scheme for generation of F1 and F2 offspring is illustrated in Fig. 1 . For offspring behavioral characterization each mouse underwent a battery of behavioral tests as depicted in Fig. 2. 2.3. Behavior analysis 2.3.1. Maternal care behavior (MB)
MB was recorded in F0 and F1 dams on PD 1-6 between 11am to 1pm and 3pm to 5pm using commercially available webcams (Logitech C525 HD Webcam, Microsoft LifeCam HD-3000, Trust Widescreen HD-Webcam, Creative LIVE! Cam Chat HD USBWebcam). Behavioral observation was conducted by video scoring every 3 min by an experimenter blinded to the experimental conditions and following a previously described protocol (Champagne and Variations, 2011) . Parameters evaluated included pup licking/-grooming, nest-building, nursing and non-pup related parameters (eating/sleeping, self-grooming).
Sucrose preference test (SPT)
The SPT assessing anhedonic behavior was carried out according to a standard procedure (Monje, 2011; Savalli, 2015) . Briefly, during a 3 h testing period mice were given the choice to drink from 2 equal bottles placed in their home cage. One bottle contained a 2% sucrose solution (Sucrose from Sigma Aldrich) while the other one was filled with regular drinking water. The weight change of the bottles before and after testing was evaluated in order to calculate the volume of liquid consumption and percentage of sucrose preference.
Forced swim test (FST)
The FST, which measures depression-related behavior by assessing active versus passive responses in an acute stress situation, was carried out according to a standardized protocol (Khan, 2014; Pollak, 2008) . Mice were placed in glass beakers 19 cm in diameter and 23 cm deep filled with water at 22-24°C for the total test period of 6 min. The movements of the mice were automatically recorded using a tracking software (VIDEOTRACK (PORSOLT), Viewpoint, Champagne au mont d'Or, France). Immobility (excluding movements to prevent drowning) was evaluated for the last 4 min of the test.
Open Field test (OF)
The OF procedure was adapted from a standard protocol (Khan, 2014) and recorded for 60 min by computational tracking system (Activity monitor, Med Associates St Albans, VT, USA) in an 27.5 c m Â 27.5 cm arena using horizontal infrared beams. Standard parameters for locomotor activity and exploratory behavior were automatically recorded using the software.
Rota rod test (RR)
The rota rod and a computational monitoring system (USB Rota Rod ''SOF-ENV-57X", MedAssociates Inc., St. Albans USA) were used to evaluate motor coordination according to a previously used protocol (Khan, 2014; Rogers, 1999) . The experiment lasted for a maximum of 5 min and the latency for the animal to fall from the rod and the speed of rotation was recorded by the software. The experiment was repeated for 3 times within a 15 min break between trials and the average of the time of an animal balancing on the rod was calculated (Rogers, 1999) .
Light/dark box test (LD)
In LD experiments the anxiety-like behavior was analyzed by placing a designated insert into the OF test chambers (Activity monitor, MedAssociates Inc., St. Albans USA). At the beginning of the 10 min testing period, animals were placed into the dark compartment and allowed to move freely between the two sides of the chamber. The locomotor activity and the amount of time the animals spent in the light, dark or transition area and the zone entries were automatically recorded by the software (Activity monitor, Med Associates Inc., SOF 811).
Molecular analysis 2.4.1. Brain dissection
Animals were sacrificed by neck dislocation, brains were rapidly dissected out and hippocampi were separated from the rest of the brain tissue. Samples for subsequent mRNA analysis were stored in RNase-free Eppendorf tubes containing RNAlater Ò (Ambion, Austin, TX, USA).
RNA Extraction, cDNA synthesis and quantitative real-time PCR (qRT-PCR)
Total RNA (including miRNAs) was extracted from hippocampal tissue using a commercial kit (miRNeasy microKit, Qiagen) according to the provided protocol. RNA concentration and purity were determined using a Nanodrop photometer (NanoPhotometerTM, IMPLEN, 7122 V2.3.1). 500 ng of total RNA was used for the synthesis of cDNA from mature miRNAs using miScript II RT Kit (Qiagen) according to the instructions provided.
qRT-PCR was carried out using the miScript SYBR Green PCR Kit (Qiagen) and a BioRad (Life Science Group, Vienna, Austria) PCR machine (CFX384 Touch Real-Time PCR Detection System). All miRNA primers were obtained from Qiagen (miScript Primer Assay, Qiagen; see Supplementary Table 1 for primer sequences). Each cDNA sample was analyzed in duplicate. dCT was determined by normalization of the Ct value for each miRNA to Ct value of the reference small nucleolar RNA SNORD61 as housekeeping control (Qiagen). Data were transformed into relative values 2-DDCT (ddCT), with ddCT constituting the difference between the mean dCT of each group and the mean dCT of the control group, as previously described (Savalli, 2015) .
Statistical analysis
All data were tested for normality using the KolmogorovSmirnov test prior to further statistical evaluation. Statistical analysis of MB in F0 generation was based upon using unpaired twotailed Student's t test. Two-way analysis of variance (ANOVA) (tr eatment Â sex) or (mother Â father) was employed for statistical evaluation of the MB in the F1 generation as well as SPT, FST, LD, OF and RR in F2 offspring and gene expression in F1 and F2 offspring. For evaluation of between-group differences in F1 maternal behavior, F2 depression-like behavior and F2 gene expression, pairwise comparisons were calculated. All statistical analyses were performed using SPSS software, for windows, Version 23 (IBM corporation, Chicago, IL, USA).
Results
Maternal immune activation affects maternal behavior of F0 dams
Following a previous report in C57Bl/6N mice (Ronovsky, 2017) , analysis of MB from PD 1-6 was conducted in C3H dams after gestational treatment with Poly (I:C) (PIC) at E12.5. Statistical analysis revealed a significant reduction in the time PIC mothers spent in licking/grooming (LG) behavior (p < 0.01) while more time spent in nest-building behavior was observed (p < 0.05) (Fig. 3a and b) . No differences in nursing and non pup-oriented behaviors (eating/-drinking, sleeping, self-grooming) were observed ( Fig. 3c and d) . No effect of MIA on growth in pregnancy, litter size and composition was observed (Supplementary Table 3 ).
Augmentation of anhedonic behavior in F1 female offspring
In order to evaluate the effects of MIA on depression-like behavior in F1 offspring (Ronovsky, 2017; Reisinger, 2016; Khan, 2014) , the behavioral performance of C3H F1 female MIA and control offspring were evaluated in the SPT and the FST, respectively. A significant reduction in sucrose preference in the SPT was observed in MIA as compared to saline control offspring (Fig. 4a) . No group differences in immobility in the FST, locomotor activity in the OF, anxiety-like behavior in the OF (center entries) and LD and motor coordination in the RR were detected in F1 female offspring ( Fig. 4b-f ).
Alterations in maternal behavior in F1 MIA offspring
In order to determine a potential impact of MIA on offspring maternal care behavior, MB was evaluated in F1 dams of PIC and Saline (SAL) exposed females mated in a 2 Â 2 design in order to evaluate possible differential contributions of the effects of MIA on MB along the maternal or paternal lineages (Fig. 1) . 2-way ANOVA analysis of F1 MB revealed a significant main effect of the mother (F (3,21) = 6.5, p < 0.05) and a significant mother Â father interaction (F (3,21) = 6.3, p < 0.05) on the time mothers spent in LG. For LG behavior, post-hoc comparisons identified a significant difference (p < 0.05) between $SAL Â #SAL and $SAL Â #PIC and a significant difference (p < 0.01) between $SAL Â #PIC and $PIC Â #PIC (Fig. 5a ). For the time F1 mothers engaged in nest-building behavior, a significant mother x father interaction (F (3,21) = 10.3, p < 0.01) was observed. Post-hoc comparisons determined a significant difference (p < 0.01) between $PIC Â #SAL and $PIC Â #PIC and a significant difference (p < 0.01) between $SAL Â #PIC and $PIC Â #PIC (Fig. 5b) . A significant interaction mother Â father (F (3,22) = 6.1, p < 0.05) was also detected for the time dams spent nursing the pups. Here, post-hoc comparisons revealed a significant difference (p < 0.05) between $PIC Â #SAL and $PIC Â #PIC and a significant difference (p < 0.05) between $SAL Â #PIC and $PIC Â #PIC (Fig. 5c) . No statistically significant effects on the time a mother engaged in non pup-oriented behavior were found (Fig. 5d) . F1 breedings of all groups showed comparable litter size and composition (Supplementary Table 3 ).
Intergenerational transmission of depression-like behavior to F2 offspring
We next went on to examine the behavioral phenotype of F2 offspring originating from one of the four different pedigrees. For anhedonic behavior in the SPT, two-way ANOVA revealed a significant mother x father interaction (F (3,34) = 43.3, p < 0.0001); posthoc pairwise comparisons determined a significant difference (p < 0.01) between $SAL Â #SAL and $SAL Â #PIC, a significant difference (p < 0.001) between $SAL Â #SAL and $PIC Â #SAL, a significant difference (p < 0.001) between $SAL Â #PIC and $PIC Â #PIC and a significant difference (p < 0.001) between $PIC Â #SAL and $PIC Â #PIC revealing augmented sucrose consumption in these animals (Fig. 6a) . For the FST a significant main effect of the mother (F (3,29) = 7.0, p < 0.05) and significant main effect of the father (F (3,29) = 4.1, p < 0.05) was observed with highest immobility in the $PIC Â #PIC group (Fig. 6b) . In the OF we found a significant mot her Â father interaction (F (3,40) = 5.7, p < 0.05) for the total distance travelled in F2 offspring, revealing a pattern paralleling the observation in the SPT (Fig. 6c) . Furthermore a significant main effect of father (F (3,43) = 5.4, p < 0.05) was detected for the entries into the center zone (Fig. 6d) . No significant differences in the performance between F2 offspring groups for anxiety-like behavior in the LD and motor coordination in the RR were observed (Fig. 6e and f) .
Hippocampal miRNA expression in F1 MIA offspring
In the search for a neurobiological mechanism possible mediating the consequences of F0 MIA on offspring emotionality in the F1 and the F2 generations we focused on specific miRNA (miR) species with potential relevance for the neuro-immune system and depressive disorders, according to a literature search (Supplementary Table 2 ). The hippocampus was selected as target region due to its prominent involvement in the neural circuitry of depression (Pandya, 2012; Krishnan and Nestler, 2008; Nestler, 2002) and earlier reports of MIA induced molecular changes in F1 and F2 offspring hippocampus (Ronovsky, 2017; Reisinger, 2016; Khan, 2014) .
Hippocampal levels of 13 miRNAs were analyzed by qRT-PCR in behaviorally naïve MIA and control offspring of the F1 generation. For the expression of miR-15a, no differences between groups were observed (Fig. 7a) . Levels of miR-15b-2 were significantly higher in female PIC offspring (p < 0.05; Fig. 7b) . A similar pattern with significantly higher levels in the F1 generation of mice after MIA as compared to control were revealed for miR-98-1 (Fig. 7c) , miR- 
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103-2 (Fig. 7d ) and miR-124-1 (Fig. 7e) . No significant group differences for any of the other miRNAs examined was detectable ( Fig. 7f-m) .
Hippocampal miRNA expression in F2 MIA offspring
We further continued to test whether the detected changes in the hippocampal expression of selected miR in the F1 generation were also reflected in the F2 generation employing qRT-PCR analysis of hippocampal tissue of behaviorally naïve adult female F2 offspring with ancestral exposure to MIA and controls (see Fig. 1 ). For miR-16, statistical analysis revealed a significant main effect of the father (F (3,26) = 5.5, p < 0.05; Fig. 8a ) with F2 offspring of PIC along the paternal line showing reduced expression. A reflection of this pattern was also observed for miR-212-5p (F (3,24) = 7.6, p < 0.05; Fig. 8b ) and miR-132, albeit not reaching statistical significance in the latter (Fig. 8c) . No expressional changes between groups were found for any of the other miRNAs examined (Fig. 8d-m) .
Discussion
In the search for the origins of highly complex and severely disabling mental illnesses, the prenatal period has emerged as a critically determining phase. The developing brain is particularly vulnerable to the impact of environmental adversities which can directly impinge on the wiring of the fetal neurons and induce long-lasting structural, cellular and molecular alterations which may form the basis for behavioral and cognitive dysfunctions later in life. Infections during pregnancy have been long suspected to contribute to the development of offspring psychiatric disorders (Cowan, 2016; McEwen, 2003; Meyer, 2008) and excellent animal models exists which have corroborated and extended epidemiological findings and provided valuable tools for the examination of the neural underpinnings (Reisinger, 2015; Ronovsky, 2016) . We and others have recently employed the Poly(I:C) mouse model to demonstrate transgenerational effects of MIA on offspring emotionality (Ronovsky, 2017; in C57 mice. Here we built upon these findings to extend previous observations in the MIA model to the C3H strain and explore the involvement of miRNAs as possible molecular mediators.
We first focused on MB which was previously found to be impacted by MIA in the C57 and BALB/cAnNCr1 strains (Schwendener et al., 2009; Lucchina, 2010) . In agreement with our own study in C57 mice (Ronovsky, 2017) we here found that also in C3H mice the amount of licking/grooming was reduced in PIC dams which had experienced stimulation during pregnancy. The other evaluated parameters, i.e. nest-building behavior, nurs- ing and non pup-oriented behavior also followed the pattern earlier described in C57 PIC dams (Ronovsky, 2017) . Although it has been reported that C3H mice display endogenously higher levels of MB (Koehl, 2012; van der Veen, 2008) , the current results suggest that the genetically determined variation in MB does not modulate the impact of MIA. This is of particular relevance as LG is the most significant form of tactile stimulation neonatal mouse pups experience and constitutes a major influencing factor for emotional behavior and gene expression in later in life (Champagne, 2003; Pauline, 2014; Claessens, 2011; Pena et al., 2013; Fish, 2004; Kaffman and Meaney, 2007; Ruthschilling, 2012; Hellstrom, 2012; Pedersen, 2011) . However, in the absence of a direct statistical comparison on the effects of MIA on MB in the same study, it is not possible to draw final conclusions on strain-dependency and the role of the genetic background. Turning towards the consequences of MIA for offspring behavior, augmented depression-related anhedonia was revealed in female C3H MIA offspring in the SPT, along the lines of earlier demonstrations in C57 mice (Reisinger, 2015) . Interestingly, no alterations in performance in the FST in C3H MIA offspring as compared to controls was observed herein, which is in contrast to the effects of PIC MIA reported in the C57 strain (Reisinger, 2015) . We focused on consequences of MIA on female offspring brain and behavior in the present study for several reasons: First, the investigation of depression-related behaviors in animal models and their neural underpinnings is of particular interest in female animals, considering the significantly higher prevalence of depression in women compared to men (Kessler, 1994; Nolen-Hoeksema, 1987) . Second, despite this relevance of the investigation of female subjects in preclinical as well as in clinical studies, an overwhelmingly larger part of experiments are currently being conducted exclusively in males, although an emphasis on the characterization of female animals has been declared a priority in depressionrelated research (Krishnan and Nestler, 2011) . Third, in light of the investigation of maternal care behavior and its intergenerational transmission in the present study, which naturally can only be studied in dams, we have opted to also focus on females for the analysis of offspring behavior and its molecular correlates. Additionally, when examining potential consequences of MIA of male C3H offspring, sex-effects have been noted, with the effects on depression-like behavior being more pronounced in dams than in sires (data not shown).
The effects of MIA on offspring immobility in the FST observed herein in C3H mice differ from the reports in C57 mice which may in part relate to the described baseline differences between the strains in the FST (Uz and Manev, 2001 ). For anxiety-like behavior, exploratory activity and motor coordination, no effect of MIA was observed in adult offspring which is in line with published results in C57 mice (Reisinger, 2015; Khan, 2014) .
We next went on to explore the potential intergenerational transmission of the effects of PIC MIA in C3H mice by examining MB in F1 offspring. The overall pattern of MB in F1 C3H mothers was comparable to the earlier observations in C57 mice, confirming that LG was reduced when one parent had PIC origins, but enhanced in $PIC Â #PIC matings, possibly constituting compensatory mechanisms (Ronovsky, 2017) . Interestingly, the amount spent nest-building was lowest in $PIC Â #PIC dams while in contrast to the previous report in C57 mice, no differences in non puporiented behavior was found in F1 dams. Thus, while the individual results may depend on the genetic background, results of the present study in CH3 F1 mothers confirm the central finding that the impact of gestational PIC treatment on MB can be transmitted to the following generation.
This conclusion let us to further examine the possible impact of MIA on emotional behavior in the F2 generation, which has been earlier described in C57 F2 offspring (Ronovsky, 2017; WeberStadlbauer, 2017) . For depression-related behaviors which were investigated in the SPT and FST, an interesting arrangement of varying degrees of intergenerational transmission and modification of individual behavioral traits was revealed: sucrose consumption in the SPT was augmented in F2 offspring with either F1 parent having gestational PIC heritage, suggesting a ''protective" effect of MIA on anhedonic behavior in the F2 generation in the C3H strain which differs from earlier findings in C57 mice (Ronovsky, 2017) . In contrast, performance in the FST was found to follow the pattern previously described in C57 mice with F2 offspring from the $PIC Â #PIC group presenting with the highest degree of immobility (Ronovsky, 2017) . Interestingly, no differences in MIA versus control offspring were found in performance in the FST in F1 generation of C3H mice. The novel emergence of augmented depression-like behavior in the FST in the F2 generation is reminiscent of earlier findings in C57 mice (WeberStadlbauer, 2017) where -using a PIC treatment regime differing from the employed herein and in our previous report (Ronovsky, 2017) -enhanced depression-like behavior in the FST was found to emerge de-novo in the F2 MIA offspring and remained stable until the F3 generation (Weber-Stadlbauer, 2017). Overall, these observations further highlight the complexity of endogenous and exogenous factors contributing to the development of emotional disturbances during an individual´s lifespan.
Searching for molecular correlates we turned towards epigenetic mechanisms as known mediators of intergenerational effects, focusing on miRNAs which are suggested as predictors of these outcomes (Champagne, 2016) . In a nested screening approach we analyzed the expression of selected miRNAs in the hippocampus, a brain region central to the neural circuitry in F1 and F2 MIA and control offspring. Of the 13 miRNA species examined, which have been included in the present study due to their reported involvement in (1) depression-like behavior (Beveridge, 2010; Hollins and Cairns, 2016) ; (2) prenatal stress (Zucchi, 2013) and (3) neuroimmune mechanisms (Soreq and Wolf, 2011) , only miR15b-2 (1), miR-98-1 and miR-103-2 (2) and miR-124-1 (3) were found to be differentially expressed in hippocampal tissue of F1 MIA as compared to control offspring. MiR-219-2-3p (2) as well as miR-132-1 and miR-212-5p-1 (3) showed increased levels in MIA offspring, but fell short of statistical significance. This analysis provides evidence for a specific pattern of miRNA expression induced by gestational exposure to immune activation in the adult offspring which differs from previous observations after prenatal stress and changes observed in other animal models of depression-like behavior. While other, herein not examined miRNAs might also be involved, all differentially expressed miRNAs in the present study were found to present with higher levels in the MIA offspring, suggesting a possible common regulatory mechanism (Pandya, 2012; Krishnan and Nestler, 2008) . Interestingly, when the same set of miRNAs was examined in the F2 generation offspring, an overall pattern different to the F1 generation emerged. No changes in the miRNAs differentially expressed in the F1 generation was observed in the F2 progeny descending from the any of the three different F1 MIA breeding groups. However, the expression of miR-16-2 and mir-212-5p which was unaltered in the F1 MIA hippocampus was determined by a main effect of the father in F2 offspring. Albeit small, these changes were statistically significant and indicate an intergenerational modification in the effects of MIA on miRNA expression in the F1 and F2 offspring hippocampus. Overall, the rather modest magnitude of change together with the different patterns in F1 and F2 generations suggest that the observed miRNAs are most likely not to be considered as relevant epigenetic mediators of the behavioral consequences of intrauterine exposure to immune activation and its effect across generations.
Conclusion
The present study in C3H mice suggests a possible role for the genetic background in the long-term consequences of MIA on offspring emotionality which remains to be further substantiated by direct strain-wise comparisons. An impact of MIA on maternal care and its transmission to F1 females was supported by the current findings which are generally consistent with previous observations in C57 mice. However, in the absence of cross-fostering experiments, we are currently not in a position to discriminate prenatal from postnatal influences or to determine the amount of the phenotype being caused by alterations in maternal care. Furthermore, the precise nature of the contribution of the paternal lineage to brain and behavior in the progeny is dependent on future experiments which will, by the means of assisted reproduction technologies, aid to discriminate germline from non-germline determined inheritance mechanisms, which are delineated in detail in excellent reviews on this topic (Bale, 2015; .
Considering that the pattern of hippocampal miRNA expression is not conserved between the two generations, it is unlikely to be a direct consequence of altered MB or to be an immediate determi-
